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PREFACE

The California Energy Commission Energy Research and Development Division supports
public interest energy research and development that will help improve the quality of life in
California by bringing environmentally safe, affordable, and reliable energy services and
products to the marketplace.

The Energy Research and Development Division conducts public interest research,
development, and demonstration (RD&D) projects to benefit California.

The Energy Research and Development Division strives to conduct the most promising public
interest energy research by partnering with RD&D entities, including individuals, businesses,
utilities, and public or private research institutions.

Energy Research and Development Division funding efforts are focused on the following
RD&D program areas:

e Buildings End-Use Energy Efficiency

e Energy Innovations Small Grants

e Energy-Related Environmental Research

e Energy Systems Integration

e Environmentally Preferred Advanced Generation

e Industrial/Agricultural/Water End-Use Energy Efficiency
e Renewable Energy Technologies

e Transportation

21st Century instream flow assessment framework for mountain streams is a report for contract
number 500-02-004, conducted by the Center for Aquatic Biology at the University of California,
Davis. The information from this project contributes to Energy Research and Development
Division’s Energy-Related Environmental Research Program.

For more information about the Energy Research and Development Division, please visit the
Energy Commission’s website at www.energy.ca.gov/research/ or contact the Energy
Commission at 916-327-1551.

ii



ABSTRACT

Society expects that science and technology should play a central role in balancing hydropower
societal benefits with preserving healthy aquatic ecosystems in remote mountainous regions.
River science is relatively young and rapid advances in data-collection, mechanistic-modeling,
and spatial-analysis technologies are transforming assessment methodologies and the state of
knowledge. The disparity between the latest advances in scientific river research and the use of
relatively simple river assessment methods for management efforts, such as hydropower dam
relicensing, has been growing. This study addressed the gap by showing the practical capability
and cost-effectiveness of performing instream flow assessment over a large spatial extent and at
high resolution in a mountain river using a combination of remote-sensing methods and 2D
hydrodynamic modeling. The authors conducted analyses that yielded an interdisciplinary and
spatially explicit perspective on the status of a ~12.2 kilometer testbed river segment on the
South Yuba River between Lake Spaulding and the town of Washington, CA in the northern
Sierra Nevada. The researchers investigated stage-dependent patterns and processes at multiple
spatial scales of fluvial landform nonuniformity. The most important finding was that the
geomorphology, hydraulics, and physical habitat of the river segment are linked across four
spatial scales. Researchers identified a recurring pattern of discrete fluvial landforms at the scale
of ~1-10 channel widths in length. The study linked hydraulics and the availability of preferred
physical microhabitat for specific fish species’ lifestages to the observed pattern of
morphological units, which were linked to reach attributes, which in turn were determined by
segment-scale attributes. Perhaps the most important insight for river management was that
integrating spatially explicit geomorphology, hydrology, hydraulics, and physical habitat
characterization could improve instream flow assessment. Such integration would provide a
foundation for quantifying current conditions, explaining their origins, and predicting what is
necessary for their maintenance and/or improvement.

Keywords: instream flow assessment, mountain river hydraulics, mountain river fluvial
geomorphology, mountain river hydrology, mountain river physical habitat analysis, regulated
rivers, human impacts on rivers.

Please use the following citation for this report:

Pasternack, G.B. and A.E. Senter. 2011. 21st Century instream flow and assessment framework
for maountain streams. California Energy Commission, PIER. CEC-500-2013-059.
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APPENDIX A:

3D joint probability distributions of depth and velocity
for each morphological unit for each season for each
flow simulated with the 2D model.
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3D joint depth-velocity distributions
across all flows and seasons
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Hydraulic Analysis: Wet Season 100 cfs, All Data
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Hydraulic Analysis: Snow Season 140 cfs, All Data
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Hydraulic Analysis: Snow Season 3000 cfs, All Data
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12/21/10

3D joint depth-velocity distributions
across all flows and seasons,
stratified by chute morphologic units
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Hydraulic Analysis: Wet Season 30 cfs, Chute
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Hydraulic Analysis: Wet Season 100 cfs, Chute
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Hydraulic Analysis: Wet Season 350 cfs, Chute
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Hydraulic Analysis: Snow Season 25 cfs, Inset Channel
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Hydraulic Analysis: Snow Season 210 cfs, Chute
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Hydraulic Analysis: Snow Season 6921 cfs, Chute
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Hydraulic Analysis: Dry Season 45 cfs, Inset Channel
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Hydraulic Analysis: Wet Season 15 cfs, Inset Channel
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Hydraulic Analysis: Wet Season 55 cfs, Inset Channel
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Hydraulic Analysis: Wet Season 190 cfs, Inset Channel
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Hydraulic Analysis: Snow Season 10 cfs, Inset Channel
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Hydraulic Analysis: Snow Season 140 cfs, Inset Channel
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Hydraulic Analysis: Snow Season 525 cfs, Inset Channel
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Hydraulic Analysis: Snow Season 3000 cfs, Inset Channel
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3D joint depth-velocity distributions
across all flows and seasons,
stratified by plane bed morphologic
units

Hydraulic Analysis: Dry Season 5 cfs, Plane Bed
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Hydraulic Analysis: Dry Season 10 cfs, Plane Bed
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Hydraulic Analysis: Dry Season 30 cfs, Plane Bed
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Hydraulic Analysis: Wet Season 5 cfs, Plane Bed
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Hydraulic Analysis: Wet Season 30 cfs, Plane Bed
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Hydraulic Analysis: Wet Season 100 cfs, Plane Bed
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Hydraulic Analysis: Wet Season 350 cfs, Plane Bed
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Hydraulic Analysis: Snow Season 25 cfs, Plane Bed
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Hydraulic Analysis: Snow Season 140 cfs, Plane Bed
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Hydraulic Analysis: Snow Season 525 cfs, Plane Bed
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Hydraulic Analysis: Snow Season 3000 cfs, Plane Bed
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3D joint depth-velocity distributions
across all flows and seasons,
stratified by pool morphologic units

Hydraulic Analysis: Dry Season 5 cfs, Pool
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Hydraulic Analysis: Dry Season 10 cfs, Pool
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Hydraulic Analysis: Dry Season 30 cfs, Pool
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Hydraulic Analysis: Wet Season 5 cfs, Pool

35
| 2
30 £
| &
B
20 8
‘ G
15 ¢
- 1 =
- e T <
’-:“””0-0 ‘ 5 g
- - - - [}
- - - - - - o

- - - = 0
0.1
0.2 35 1.2
0.2 . 5.8 .
. 0.6 S~ ) 8.1
Velocity (m/s) - . Depth (m)

0.7 10.4

Hydraulic Analysis: Wet Season 15 cfs, Pool

30

2

£
258

8
208

kS
15 o

oo

8
10 g
5 &

- 0
T
-
0.1 = 1.2
. 3.5
0.3 — 58
0.6 ’
. 8 i 8.2
Velocity (m/s) 1.0 105 Depth (m)

48



Hydraulic Analysis: Wet Season 30 cfs, Pool
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Hydraulic Analysis: Wet Season 100 cfs, Pool
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Hydraulic Analysis: Wet Season 350 cfs, Pool
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Hydraulic Analysis: Snow Season 25 cfs, Pool
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Hydraulic Analysis: Snow Season 140 cfs, Pool
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Hydraulic Analysis: Snow Season 525 cfs, Pool
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Hydraulic Analysis: Snow Season 3000 cfs, Pool
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12/21/10

3D joint depth-velocity distributions
across all flows and seasons,
stratified by steep inset channel
morphologic units

Hydraulic Analysis: Dry Season 5 cfs, Steep Inset Channel
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Hydraulic Analysis: Dry Season 10 cfs, Steep Inset

Channel
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Hydraulic Analysis: Dry Season 30 cfs, Steep Inset Channel
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Hydraulic Analysis: Wet Season 5 cfs, Steep Inset Channel
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Hydraulic Analysis: Wet Season 30 cfs, Steep Inset Channel

0.4
11

1.8

Velocity (m/s)

2.5
3.2

1.6

13

0.2
0.5
0.9
Depth (m)

Hydraulic Analysis: Wet Season 55 cfs, Steep Inset Channel

0.4
1.2

Velocity (m/s)

2.1

3.7

1.8

1.4

0.2
0.6
1.0

Depth (m)

15

10

Percentage of Data Points

Percentage of Data Points

12/21/10

60



12/21/10

Hydraulic Analysis: Wet Season 100 cfs, Steep Inset Channel
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Hydraulic Analysis: Wet Season 350 cfs, Steep Inset Channel
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Hydraulic Analysis: Snow Season 25 cfs, Steep Inset Channel
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Hydraulic Analysis: Snow Season 140 cfs, Steep Inset Channel
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Hydraulic Analysis: Snow Season 525 cfs, Steep Inset Channel
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Hydraulic Analysis: Snow Season 3000 cfs, Steep Inset
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3D joint depth-velocity distributions
across all flows and seasons,
stratified by step morphologic units

Hydraulic Analysis: Dry Season 5 cfs, Step
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Hydraulic Analysis: Dry Season 10 cfs, Step
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Hydraulic Analysis: Dry Season 30 cfs, Step
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Hydraulic Analysis: Wet Season 5 cfs, Step
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Hydraulic Analysis: Wet Season 30 cfs, Step
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Hydraulic Analysis: Wet Season 100 cfs, Step
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Hydraulic Analysis: Wet Season 350 cfs, Step
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Hydraulic Analysis: Snow Season 25 cfs, Step

0.3
0.9
1.5

Velocity (m/s)

2.1

2.7

3.6

2.8

0.4
1.2
2.0
Depth (m)

Hydraulic Analysis: Snow Season 50 cfs, Step

Velocity (m/s)

2.6

Depth (m)

25

20

15

10

Percentage of Data Points

Percentage of Data Points

12/21/10

74



Hydraulic Analysis: Snow Season 140 cfs, Step
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Hydraulic Analysis: Snow Season 525 cfs, Step
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Hydraulic Analysis: Snow Season 3000 cfs, Step
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12/21/10

3D joint depth-velocity distributions
across all flows and seasons,
stratified by transition morphologic
units

Hydraulic Analysis: Dry Season 5 cfs, Transition
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Hydraulic Analysis: Dry Season 10 cfs, Transition
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Hydraulic Analysis: Wet Season 5 cfs, Transition
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Hydraulic Analysis: Wet Season 30 cfs, Transition
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Hydraulic Analysis: Wet Season 350 cfs, Transition
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Hydraulic Analysis: Snow Season 25 cfs, Transition
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Hydraulic Analysis: Snow Season 140 cfs, Transition
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Hydraulic Analysis: Snow Season 525 cfs, Transition
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Hydraulic Analysis: Snow Season 3000 cfs, Transition
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3D joint depth-velocity distributions
across all flows and seasons,
stratified by floodplain-bedrock
morphologic units

Hydraulic Analysis: Dry Season 5 cfs, Floodplain Bedrock
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Hydraulic Analysis: Dry Season 10 cfs, Floodplain Bedrock

40
"
35 ¢
308
©
P
20 6
(]
15 @
8
10 &
o
> &
0
0.03
0.1
02 0.09
03 0.14
Depth (m
Velocity (m/s) 04 0.20 pth (m)
0.5 0.26
Hydraulic Analysis: Dry Season 20 cfs, Floodplain Bedrock
100
v
<
80 B
a
8
60 8
-
o
40 g
8
c
20 8
@
a
0
0.1
0.1 0.4
0.4
0.7 0.7
. 0.9 1.0  Depth (m)
Velocity (m/s) 12 13

90



12/21/10

Hydraulic Analysis: Dry Season 30 cfs, Floodplain Bedrock
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Hydraulic Analysis: Wet Season 5 cfs, Floodplain Bedrock
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Hydraulic Analysis: Wet Season 30 cfs, Floodplain Bedrock
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Wet Season 100 cfs, Floodplain Bedrock
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Hydraulic Analysis: Wet Season 350 cfs, Floodplain Bedrock
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Hydraulic Analysis: Snow Season 25 cfs, Floodplain Bedrock
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Hydraulic Analysis: Snow Season 140 cfs, Floodplain Bedrock
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Hydraulic Analysis: Snow Season 525 cfs, Floodplain Bedrock
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Hydraulic Analysis: Snow Season 3000 cfs, Floodplain Bedrock
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3D joint depth-velocity distributions
across all flows and seasons,
stratified by floodplain-sediment
morphologic units

Hydraulic Analysis: Dry Season 5 cfs, Floodplain Sediment
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Hydraulic Analysis: Dry Season 10 cfs, Floodplain Sediment
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Hydraulic Analysis: Wet Season 5 cfs, Floodplain Sediment
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Hydraulic Analysis: Wet Season 30 cfs, Floodplain Sediment
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Hydraulic Analysis: Wet Season 100 cfs, Floodplain Sediment
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Hydraulic Analysis: Wet Season 350 cfs, Floodplain Sediment
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Hydraulic Analysis: Snow Season 25 cfs, Floodplain Sediment
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Hydraulic Analysis: Snow Season 140 cfs, Floodplain Sediment

N
o
Percentage of Data Points

15
. 10
-Te 5
- <
- Rl g
e - - : - - -~ 0
- - - - -
o e 0.1
. 0.3
0.7
11 0.6
Velocity (m/s) 1.5 0.8 Depth (m)

Hydraulic Analysis: Snow Season 210 cfs, Floodplain Sediment

35,
€
30 5
a
25 ®
]
20 8
)
15 g
8
10 S
e
[}
a
- - 0
- 0.1
0.2 0.4
0.7 07
1.1 :
0.9
15 Depth (m)
Velocity (m/s) 2.0 1.2

108



Hydraulic Analysis: Snow Season 525 cfs, Floodplain Sediment
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Hydraulic Analysis: Snow Season 3000 cfs, Floodplain Sediment
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APPENDIX B:

Data Table of % GHSI binned values and 3-D Graphical

representation of distribution by species lifestage,
SYLC flow, and season

B-1



Dry
Season

Flow (cfs) 0.6-1

5
10
20
30
45

Flow (cfs) 0.6-1

5
10
20
30
45

Flow (cfs) 0.6-1

5
10
20
30
45

Percent Distribution of 2D Model results

16.0
16.5
17.1
13.5
8.5

8.6
17.3
26.5
25.8
19.3

33.2
34.2
35.7
33.8
26.4

2.0
2.1
2.1
2.0
1.6

15.2
159
19.8
24.1
24.7

8.8
9.6
11.3
13.1

SACRAMENTO SUCKER

ADULT JUVENILE
0.4-0.6 0.2-04 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2
2.0 2.0 77.9 319 37 3.5 3.6
2.1 2.1 77.3 309 3.6 3.5 3.6
2.1 2.2 76.5 238 34 3.3 3.4
2.1 2.1 80.3 16.8 2.8 2.8 2.9
1.6 1.7 86.6 10,6 2.1 2.1 2.2

RAINBOW TROUT

ADULT JUVENILE
0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2
216 240 30.6 172 3.1 3.1 3.3
217 182 269 13.7 2.8 2.8 3.3
19.5 13.7 20.6 8.0 2.0 2.0 2.3
189 123 19.0 5.8 1.5 1.5 1.8
246 127 187 3.4 1.0 1.1 1.2

PIKEMINNOW /HARDHEAD

ADULT JUVENILE
0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2
8.9 114  37.7 50.0 6.3 6.8 54
104 123 33.6 504 79 7.6 57
135 133 261 469 121 9.8 6.5
159 132 24.0 361 175 121 7.2
19.2 134 25.0 224 160 174 10.0

16.0

0
57.2
58.3
66.2
74.7
83.0

73.3
77.5
85.6
89.3
93.3

31.4
28.4
24.7
27.1
34.2



SACRAMENTO SUCKER

Dry
Season FRY SPAWN
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0

5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
10

20
30
45
RAINBOW TROUT
FRY SPAWN
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0
5 323 163 240 82 192 N/A N/A N/A N/A N/A

10 334 167 246 8.1 17.2
20 280 189 294 8.6 15.0
30 206 175 325 137 157
45 133 127 296 259 18.6

PIKEMINNOW /HARDHEAD
FRY SPAWN
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0
5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
10
20
30
45
Percent Distribution of 2D Model results



SACRAMENTO SUCKER

Wet

Season ADULT JUVENILE

Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0
5 17.1 2.1 2.1 2.1 76.6 N/A N/A N/A N/A N/A
15 17.0 2.1 2.1 2.2 76.6
30 14.5 2.1 2.1 2.2 79.2
55 10.4 1.8 1.8 1.9 84.1
100 6.4 1.4 1.4 1.5 89.3

190 3.3 0.9 0.9 1.0 939
350 2.0 0.6 0.6 0.7 96.2

RAINBOW TROUT
ADULT JUVENILE
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0
5 217 172 21.0 161 24.1 322 176 264 80 159

15 264 199 194 13.7 20.6 278 188 296 88 15.0
30 266 233 185 127 189 219 181 326 122 152
55 223 262 210 121 184 16.0 149 316 206 16.8
100 153 222 287 140 19.8 102 104 251 33.0 214
190 8.1 124 268 229 29.8 5.9 6.3 144 347 388
350 4.5 69 13.0 172 583 3.2 3.6 87 19.0 655

PIKEMINNOW /HARDHEAD
ADULT JUVENILE
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0
5 351 103 116 127 304 499 93 8.4 6.1 264

15 35.7 113 135 133 26.1 46.7 122 9.8 6.5 24.8

30 346 126 156 132 24.0 38.7 165 11.5 7.1 26.2

55 302 151 175 133 239 276 182 155 8.3 30.3

100 21.0 163 21.8 139 271 170 134 160 122 414

190 10.1 107 205 164 424 9.5 7.5 9.4 109 62.7

350 5.6 49 103 11.2 67.9 5.3 4.2 5.1 6.5 78.9
Percent Distribution of 2D Model results



SACRAMENTO SUCKER

Wet
Season FRY SPAWN
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0

5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
15

30
55
100
190
350
RAINBOW TROUT
FRY SPAWN
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0
5 N/A N/A N/A N/A N/A 396 9.2 7.8 82 352
15 415 88 6.8 72 357
30 391 9.1 6.9 75 375
55 343 93 7.2 76  41.6
100 251 9.2 7.6 81  50.0
190 157 5.7 54 70  66.2
350 9.0 3.8 3.6 46 790
PIKEMINNOW /HARDHEAD
FRY SPAWN
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0

5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
15
30
55
100
190
350
Percent Distribution of 2D Model results



SACRAMENTO SUCKER

Snowmelt

Season ADULT JUVENILE
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2
10 16.7 2.1 2.1 2.1 77.0 30.5 3.6 3.5 3.6
25 17.2 2.1 2.1 2.2 76.4 24.3 3.4 3.3 3.5
50 14.3 2.0 2.1 2.2 79.4 17.4 2.9 2.8 2.9
140 10.1 1.8 1.8 1.9 84.4 12.3 2.3 2.3 2.4
210 13.0 1.9 2.0 2.1 81.0 14.8 2.7 2.6 2.8
525 6.5 1.4 1.5 1.5 89.1 8.1 1.8 1.8 1.9
1103 3.2 0.9 0.9 1.0 94.0 4.1 1.2 1.2 1.2
3000 1.6 0.5 0.6 0.6 96.8 2.0 0.7 0.7 0.7
6921 0.9 0.3 0.4 0.4 97.9 1.3 0.5 0.5 0.5

RAINBOW TROUT

ADULT JUVENILE
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2
10 184 16.0 216 17.7 26.2 332 16.8 25.0 8.0
25 2600 192 195 140 211 28.6 189 288 8.5
50 265 233 183 127 19.2 21.2 18.0 328 124
140 220 266 21.0 120 184 153 143 321 215
210 255 245 190 122 188 180 166 341 151
525 156 23.0 281 139 194 10.3 104 254 327
1103 8.2 134 284 21.7 283 5.4 6.2 15.0 36.6
3000 3.4 5.6 11.6 169 624 2.5 2.8 6.9 17.9
6921 2.2 3.6 6.3 9.0 78.9 1.7 1.8 4.8 10.0

PIKEMINNOW /HARDHEAD

ADULT JUVENILE
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2
10 34.4 9.7 10.7 124 328 50.3 8.2 7.8 5.8
25 356 11.1 133 133 26.7 473 11.7 9.6 6.5
50 344 126 157 131 242 37.8 16.8 11.6 7.1
140 29.8 152 177 133 24.0 264 183 15.7 8.6
210 327 134 16.7 132 240 332 173 129 7.8
525 225 153 209 146 267 174 142 169 11.2
1103 106 11.6 22.0 15.7 40.1 8.9 8.0 10.0 12.0
3000 4.5 4.0 8.8 10.7 719 4.2 3.2 4.2 5.9
6921 2.9 2.3 4.7 6.9 83.2 2.7 2.1 2.8 4.0

Percent Distribution of 2D Model results

0
58.8
65.5
73.9
80.7
77.1
86.4
92.4
95.9
97.2

16.9
15.3
15.7
16.9
16.2
21.2
36.8
69.9
81.7

27.9
25.0
26.7
31.0
28.7
40.3
61.1
82.4
88.4



SACRAMENTO SUCKER

Snowmelt
Season FRY SPAWN
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0

10 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
25

50
140
210
525
1103
3000
6921
RAINBOW TROUT
FRY SPAWN
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0
10 13.1 2.7 2.7 32 782 372 9.6 8.5 93 354
25 8.3 2.0 2.0 24 852 41.7 8.7 6.8 73 355
50 59 1.6 1.6 1.8  89.1 385 9.1 7.1 74 379

140 4.1 1.2 1.2 14 921 333 97 74 76 419
210 51 1.4 1.4 1.6 905 358 100 7.5 7.7 389
525 2.4 0.8 0.8 1.0 949 255 8.6 74 83 50.1
1103 1.1 0.5 0.5 0.5 974 158 57 5.5 70 659
3000 0.6 0.3 0.3 03 985 6.7 3.2 3.2 44 824
6921 0.4 0.2 0.2 0.2  98.9 4.9 2.3 2.3 3.0 875

PIKEMINNOW /HARDHEAD
FRY SPAWN
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0
10 N/A N/A N/A N/A NJ/A N/A N/A N/A N/A NJ/A
25
50
140
210
525
1103
3000
6921
Percent Distribution of 2D Model results
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APPENDIX C:
Visual representation of GHSI % distribution of every

species lifestage analyzed in section 11.0 Ecological
Analysis

C-1



Appendix C

Visual representation of GHSI % distribution of every species lifestage analyzed in
section 11.0 Ecological Analysis (see Table 42).

Each image consists of a set of three depictions, as can be seen here on APC-1. Each
species lifestage is represented at three flows, which correspond to three GHSI values.
The top panel depicts the highest % of preferred area for the specific lifestage. Middle
panel depicts a mid-range % of preferred area. Lower panel depicts a low % of
preferred habitat. Each lifestage is represented at three flows and across three reaches,
for a total of 9 visual representations of each species lifestage.

Each image set consists of three images. The image sets are ordered by reach, with the
first image depicting the upper end of Reach 1 and the lower end of Reach 2 at three
flows and the accompanying GHSI values. The second image depicts the upper end of
Reach 2 and the lower end of Reach 3. This image stops just below Canyon Creek, thus
the first two images encompass much of the accessible river near Washington, CA. The
third image depicts all of Reach 6 and 7 and parts of upper Reach 5 and lower Reach 8,
includes Jolly Boy and Killer Fang Falls and the confluence of Fall Creek with the
mainstem.
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APPENDIX D:

2D Transect results of percent distribution of GHSI

binned values by species, lifestage, season, and flow
release as measured by SYLC gage
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Appendix D

2D Transect results of percent distribution of GHSI binned values by species,
lifestage, season, and flow release as measured from SYLC gage.

Percent distribution of GHSI categories using 2D Transects

SACRAMENTO SUCKER

Dry Season ADULT JUVENILE
Flow (cfs) 0.6-1 04-0.6 0.2-0.4 0-0.2 0  0.6-1 04-0.6 0.2-04 0-02 0
5 228 23 1.3 20 715 394 33 37 34 503
10 242 20 19 14 706 401 37 38 41 483
20 247 17 22 17 697 304 27 30 23 616
30 197 22 20 23 737 196 20 29 27 728
45 93 14 1.5 19 8.9 125 20 23 19 813

RAINBOW TROUT

ADULT JUVENILE
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0  0.6-1 0.4-0.6 0.2-0.4 0-0.2 0
5 130 172 224 304 169 383 223 260 86 49
10 235 175 273 201 11.7 420 218 251 73 338
20 377 202 221 114 86 329 238 302 87 44
30 359 244 167 99 131 234 158 384 127 96
45 232 278 227 134 129 155 123 312 292 117

PIKEMINNOW /HARDHEAD

ADULT JUVENILE
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0  0.6-1 0.4-0.6 0.2-04 0-02 0
5 46 77 112 108 257 577 57 126 6.1 178
10 451 117 114 148 170 635 7.0 11.0 56 13.0
20 50.0 145 123 103 129 572 147 111 47 124
30 46.0 146 133 94 167 438 166 141 6.6 189
45 323 200 160 98 219 254 164 21.0 103 269

APD-1



Dry Season
Flow (cfs)

5

10

20

30

45

Flow (cfs)
5
10
20
30
45

Flow (cfs)
5
10
20
30
45

Percent distribution of GHSI categories using 2D Transects
SACRAMENTO SUCKER

FRY SPAWN

0.6-1 04-0.6 0.2-04 0-02 O 0.6-1 04-0.6 0.2-04 002 0

N/A N/A N/A N/AN/A N/A N/A N/A N/AN/A

RAINBOW TROUT

FRY SPAWN

0.6-1 04-0.6 0.2-04 0-0.2 0 0.6-1 0.4-0.6 0.2-04 0-0.2 0

207 24 3.8 37 695 N/A N/A N/A N/AN/A
186 3.0 3.7 35 712
9.5 1.3 29 22 84.0
7.0 2.0 1.8 1.7 875
4.1 1.8 1.4 1.7 91.0

PIKEMINNOW /HARDHEAD

FRY SPAWN

0.6-1 0.4-0.6 0.2-0.4 0-02 0 0.6-1 0.4-0.6 0.2-04 0-02 0

N/A N/A N/A N/AN/A N/A N/A N/A N/AN/A

APD-2



Percent distribution of GHSI categories using 2D Transects

SACRAMENTO SUCKER
Wet Season ADULT JUVENILE
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-04 0-0.2 0
5 261 14 2.1 1.1 692 N/A N/A N/A N/A N/A
15 240 1.8 2.1 1.9 70.2
30 227 2.0 2.3 21 709
55 128 1.7 24 21 81.0
100 7.1 0.8 1.7 1.8 88.6

190 22 09 0.7 0.8 955
350 12 07 0.4 05 973

RAINBOW TROUT
ADULT JUVENILE
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-02 0 0.6-1 04-0.6 02-04 002 0
5 314 204 247 152 83 388 258 247 70 3.6
15 379 208 215 111 87 325 239 305 87 44

30 376 254 143 118 108 261 158 392 101 88
55 274 307 165 109 145 183 14.1 340 258 7.8
100 185 251 294 130 140 122 11.6 265 355 142
190 90 149 287 226 249 70 70 146 359 35.6
350 3.6 8.7 139 164 573 29 32 9.7 19.1 65.1

PIKEMINNOW /HARDHEAD
ADULT JUVENILE
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-0.2 O 0.6-1 04-0.6 0.2-04 002 O
5 475 130 139 123 133 629 99 10,6 6.0 10.6
15 50.2 143 123 108 124 568 14.8 115 43 125
30 469 157 122 97 154 499 136 144 53 168
55 389 173 145 102 191 304 213 165 64 253
100 250 196 222 121 21.0 206 152 18.6 114 343
190 91 150 205 161 393 98 96 9.9 112 594
350 37 47 11.8 112 687 40 4.2 5.7 73 788

APD-3



Wet Season

Flow (cfs)
5
15
30
55
100
190
350

Flow (cfs)

5

15

30

55

100

190

350

Flow (cfs)

5

15

30

55

100

190

350

Percent distribution of GHSI categories using 2D Transects

SACRAMENTO SUCKER

FRY SPAWN

0.6-1 0.4-0.6 0.2-04 002 O 0.6-1 0.4-0.6 0.2-04 0-02 0

N/A N/A N/A N/AN/A N/A N/A N/A N/AN/A

RAINBOW TROUT

FRY SPAWN

0.6-1 0.4-0.6 0.2-04 0-02 O 0.6-1 0.4-0.6 0.2-04 0-02 0

N/A N/A N/A N/AN/A 422 97 9.1 9.7 293
422 838 6.4 8.0 345
376 8.1 82 10.1 36.0
30.2 125 88 10.1 38.5
262 7.1 6.0 82 524
185 49 48 5.6 66.1
98 35 49 44 774
PIKEMINNOW /HARDHEAD
FRY SPAWN

0.6-1 04-0.6 0.2-04 0-02 0 0.6-1 04-0.6 0.2-04 0-02 0

N/A N/A N/A N/AN/A N/A N/A N/A N/AN/A
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Snowmelt Season
Flow (cfs)
10
25
50
140
210
525
1103
3000
6921

Flow (cfs)

10

25

50

140
210
525
1103
3000
6921

Flow (cfs)

10

25

50

140
210
525
1103
3000
6921

Percent distribution of GHSI categories using 2D Transects

SACRAMENTO SUCKER

ADULT JUVENILE
0.6-1 04-06 0204 002 0 0.6-1 04-0.6 02-04 002 O
252 19 2.0 1.2 698 397 34 3.8 3.9 491
254 1.7 2.0 16 693 309 27 34 2.7 604
227 1.8 2.5 22 707 204 24 2.5 27 719
131 19 1.9 24 80.6 150 26 27 22 774
227 19 2.7 22 706 193 25 3.1 24 728
79 1.4 1.4 1.7 877 116 19 22 1.9 825
35 07 0.9 12 937 49 1.4 14 1.8 90.5
1.5 05 0.7 06 96.7 21 0.6 12 0.5 955
1.1 0.5 0.6 03 975 1.7 06 0.7 0.5 96.5

RAINBOW TROUT

ADULT JUVENILE
0.6-1 04-06 0204 002 0 0.6-1 04-0.6 02-04 002 O
274 158 278 191 99 422 223 251 7.7 28
372 202 222 121 84 332 247 298 82 40
372 248 143 118 120 257 158 390 103 92
279 296 174 99 152 187 145 340 242 86
363 255 138 121 123 243 170 407 95 84
212 294 260 122 11.2 151 123 270 352 103
119 173 339 202 167 7.1 8.3 193 418 234
38 82 146 18.2 55.1 29 4.1 74 219 637
29 38 8.2 81 770 22 24 6.8 103 78.3

PIKEMINNOW /HARDHEAD

ADULT JUVENILE
0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-02 0
46.0 11.7 126 146 150 643 6.8 11.8 59 112
50.0 146 124 109 122 59.0 13.0 114 42 124
471 153 119 92 165 492 133 143 54 178
394 167 143 100 196 30.8 23.1 142 6.7 253
465 152 112 93 177 475 137 157 51 18.0
31.5 209 174 105 19.7 238 176 224 99 263
131 150 291 150 278 115 104 124 139 517
43 54 11.8 11.7 668 4.1 49 49 6.0 80.1
28 26 55 78 813 31 2.8 3.5 46 86.0
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Percent distribution of GHSI categories using 2D Transects

SACRAMENTO SUCKER
Snowmelt Season FRY SPAWN
Flow (cfs) 0.6-1 0.4-0.6 0.2-04 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2 0
10 N/A N/A N/A N/AN/A N/A N/A N/A N/A N/A
25
50
140
210
525
1103
3000
6921
RAINBOW TROUT
FRY SPAWN
Flow (cfs) 0.6-1 0.4-0.6 0.2-04 0-0.2 0 0.6-1 0.4-0.6 0.2-0.4 0-0.2 O
10 175 3.1 3.5 28 731 409 9.6 114 11.8 26.3
25 9.3 2.1 2.6 23 836 433 79 6.5 94 329
50 7.3 2.0 1.8 20 869 369 8.6 79 10.0 36.6
140 5.9 1.7 1.5 1.8 891 296 138 82 100 38.3
210 7.2 2.1 2.2 1.8 867 370 95 8.3 95 35.6
525 3.0 1.3 1.2 1.2 933 283 8.0 8.2 86 469
1103 1.1 0.6 0.5 1.0 968 209 6.7 5.1 6.9 60.4
3000 0.7 0.3 0.5 05 98.1 8.5 3.3 3.6 41 805
6921 0.8 0.4 0.4 03 98.2 8.1 2.7 2.2 34 836
PIKEMINNOW /HARDHEAD
FRY SPAWN
Flow (cfs) 0.6-1 0.4-0.6 0.2-04 0-0.2 0 0.6-1 04-0.6 0.2-0.4 0-0.2 0
10 N/A N/A N/A N/AN/A N/A N/A N/A N/A N/A
25
50
140
210
525
1103
3000
6921
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APPENDIX E:

1D Model results of percent distribution of GHSI

binned values by species, lifestage, season, and Ifow
release as measured from SYLC gage.
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Appendix E

1D Model results of percent distribution of GHSI binned values by species,
lifestage, season, and flow release as measured from SYLC gage.

Percent distribution of 1D Model GHSI categories

SACRAMENTO SUCKER
Dry Season ADULT JUVENILE
Flow (cfs) 0.6-1 04-0.6 0.2-04 0-02 0 0.6-1 04-0.6 0.2-04 0-02 0
5 14 00 00 00 886 324 00 0.0 0.0 676
10 133 0.0 00 00 867 286 00 0.0 00 714
20 133 0.0 0.0 00 867 38 00 0.0 0.0 962
30 6.7 0.0 00 00 933 00 00 0.0 0.0 100.0
45 1.0 00 0.0 00 990 00 00 0.0 0.0 100.0
RAINBOW TROUT
ADULT JUVENILE
Flow (cfs) 0.6-1 04-0.6 0.2-0.4 0-02 0  0.6-1 04-0.6 02-04 0-02 0
5 21.0 343 229 105 114 438 295 219 10 38
10 352 324 276 19 29 362 352 248 19 19
20 448 333 190 00 29 114 305 429 114 38
30 276 390 248 29 57 00 171 381 352 95
45 57 333 429 57 124 00 1.0 238 552 200
PIKEMINNOW /HARDHEAD
ADULT JUVENILE
Flow (cfs) 0.6-1 04-0.6 0.2-0.4 0-0.2 0  06-1 04-0.6 0.2-04 0-0.2 0
5 229 162 267 105 238 619 124 133 10 114
10 286 295 276 95 48 562 267 86 29 57
20 343 333 238 48 38 305 295 190 48 162
30 257 352 276 19 95 105 333 210 48 305
45 143 219 352 76 210 19 86 248 124 524
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Dry Season
Flow (cfs)

5

10

20

30

45

Flow (cfs)
5
10
20
30
45

Flow (cfs)
5
10
20
30
45

Percent distribution of 1D Model GHSI categories

SACRAMENTO SUCKER

FRY SPAWN

0.6-1 04-0.6 0.2-04 002 0 0.6-1 04-0.6 0.2-04 002 0

N/A N/A N/A N/A N/A N/A N/A N/A N/AN/A

RAINBOW TROUT

FRY SPAWN

0.6-1 04-0.6 0204 002 0 0.6-1 04-0.6 02-04 002 0

29 00 0.0 00 971 N/A N/A N/A N/AN/A
0.0 00 0.0 0.0 100.0
0.0 00 0.0 0.0 100.0
0.0 00 0.0 0.0 100.0
0.0 00 0.0 0.0 100.0

PIKEMINNOW /HARDHEAD

FRY SPAWN

0.6-1 04-0.6 0.2-04 0-02 O 0.6-1 04-0.6 0.2-04 0-02 0

N/A N/A N/A N/A N/JA N/A N/A N/A N/AN/A

APE-2



Percent distribution of 1D Model GHSI categories

SACRAMENTO SUCKER

Wet Season ADULT JUVENILE

Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-02 0 0.6-1 0.4-06 02-04 0-02 0
5 152 0.0 0.0 00 848 N/A N/A N/A N/A N/A
15 13.3 0.0 0.0 0.0 86.7
30 7.6 0.0 0.0 00 924
55 1.9 0.0 0.0 0.0 981
100 0.0 0.0 0.0 0.0 100.0
190 0.0 0.0 0.0 0.0 100.0
350 0.0 0.0 0.0 0.0 100.0

RAINBOW TROUT
ADULT JUVENILE

Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-02 0 0.6-1 0.4-0.6 0.2-04 0-02 0
5 410 324 21.0 38 19 295 36.2 30.5 1.0 29
15 438 343 19.0 00 29 124 28.6 448 105 3.8
30 333 400 18.1 29 57 0.0 257 410 248 8.6
55 133 295 419 38 114 0.0 5.7 276 505 16.2
100 00 229 429 181 16.2 0.0 0.0 6.7 648 28.6
190 0.0 2.9 25.7 333 381 0.0 0.0 0.0 410 590
350 0.0 0.0 3.8 181 781 0.0 0.0 0.0 76 924

PIKEMINNOW /HARDHEAD
ADULT JUVENILE

Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-02 0 0.6-1 0.4-0.6 0.2-04 0-02 0
5 314 324 25.7 57 438 495 26.7 114 67 5.7
15 343 324 238 57 38 305 295 200 38 162
30 305 333 248 29 8.6 124 343 190 76 267
55 162 286 314 6.7 17.1 29 124 295 76 476
100 114 143 362 8.6 295 0.0 3.8 162 105 695
190 1.0 7.6 200 114 60.0 0.0 0.0 2.9 6.7 90.5
350 0.0 0.0 2.9 3.8 933 0.0 0.0 0.0 1.0 99.0
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Wet Season

Flow (cfs)

5

15
30
55

100

190

350

Flow (cfs)

5

15
30
55

100

190

350

Flow (cfs)

5

15
30
55

100

190

350

Percent distribution of 1D Model GHSI categories

SACRAMENTO SUCKER

FRY SPAWN

0.6-1 0.4-06 0.2-04 002 O 0.6-1 04-06 0204 0-02 0

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

RAINBOW TROUT

FRY SPAWN

0.6-1 04-0.6 0.2-04 002 O 0.6-1 04-0.6 0204 0-02 0

N/A N/A N/A N/A N/A 762 19 1.0 29 181
56.2 14.3 29 1.9 248
295 16.2 105 57 381
152 76 4.8 3.8 68.6
1.0 1.9 5.7 29 88.6
0.0 1.0 0.0 1.9 971
0.0 0.0 0.0 0.0 100.0

PIKEMINNOW /HARDHEAD

FRY SPAWN

0.6-1 0.4-0.6 0.2-04 0-0.2 O 0.6-1 04-0.6 0.2-04 0-0.2 O

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
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Percent distribution of 1D Model GHSI categories

SACRAMENTO SUCKER
Snowmelt
Season ADULT JUVENILE

Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-02 0 0.6-1 04-06 0204 0-02 0
10 152 0.0 0.0 00 848 276 00 0.0 00 724
25 124 0.0 0.0 1.0 86.7 3.8 0.0 0.0 0.0 96.2
50 7.6 0.0 0.0 00 924 0.0 0.0 0.0 0.0 100.0
140 1.9 1.0 0.0 00 971 0.0 0.0 0.0 0.0 100.0
210 6.7 0.0 0.0 0.0 933 0.0 0.0 0.0 0.0 100.0
525 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 100.0

1103 0.0 0.0 0.0 0.0 1000 0.0 00 0.0 0.0 100.0
3000 0.0 0.0 0.0 0.0 1000 0.0 00 0.0 0.0 100.0
6921 0.0 0.0 0.0 0.0 1000 0.0 00 0.0 0.0 100.0

RAINBOW TROUT
ADULT JUVENILE
Flow (cfs)  0.6-1 0.4-0.6 0.2-0.4 0-0.2 0 0.6-1 04-0.6 02-04 0-02 0
10 362 343 248 19 29 352 324 286 19 19
25 448 324 200 00 29 13.3 305 448 76 38
50 324 400 190 29 57 0.0 181 476 248 95
140 95 381 390 48 86 0.0 0.0 314 543 143
210 248 371 286 38 57 0.0 3.8 46.7 39.0 105
525 0.0 171 50.5 133 19.0 0.0 0.0 48 638 314

1103 00 1.0 19.0 362 438 0.0 00 1.0 381 61.0
3000 0.0 0.0 1.0 76 914 0.0 00 0.0 1.9 981
6921 0.0 0.0 0.0 1.0 99.0 0.0 00 0.0 0.0 100.0

PIKEMINNOW /HARDHEAD
ADULT JUVENILE
Flow (cfs) 0.6-1 04-0.6 0.2-0.4 0-02 0 0.6-1 04-0.6 0.2-04 002 O
10 286 286 314 6.7 438 543 267 14 19 57
25 333 343 267 19 3.8 324 305 162 6.7 143
50 305 305 286 10 95 114 333 200 76 276

140 181 238 343 86 152 29 133 276 86 476
210 276 248 314 57 105 86 229 248 86 352
525 114 143 343 76 324 0.0 48 171 76 705
1103 1.0 7.6 19.0 105 619 0.0 0.0 0.0 114 886
3000 0.0 0.0 1.0 0.0 99.0 0.0 0.0 0.0 0.0 100.0
6921 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 100.0
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SACRAMENTO SUCKER

Snowmelt
Season FRY SPAWN

Flow (cfs)  0.6-1 0.4-0.6 0.2-04 0-02 0 0.6-1 0.4-0.6 0.2-04 0-02 0

10 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

25
50
140
210
525
1103
3000
6921
RAINBOW TROUT
FRY SPAWN
Flow (cfs) 0.6-1 0.4-0.6 0.2-0.4 0-02 O 0.6-1 04-06 0204 0-02 0
10 0.0 0.0 0.0 0.0 1000 781 19 29 1.0 16.2
25 0.0 0.0 0.0 0.0 1000 610 114 29 1.9 229
50 0.0 0.0 0.0 0.0 100.0 26.7 16.2 114 48 410
140 0.0 0.0 0.0 0.0 1000 38 124 7.6 29 733
210 0.0 0.0 0.0 0.0 100.0 105 16.2 124 76 533
525 0.0 0.0 0.0 0.0 100.0 0.0 1.0 29 1.9 943

1103 0.0 0.0 0.0 0.0 1000 0.0 00 0.0 0.0 100.0
3000 0.0 0.0 0.0 0.0 1000 0.0 00 0.0 0.0 100.0
6921 0.0 0.0 0.0 0.0 1000 0.0 00 0.0 0.0 100.0

PIKEMINNOW /HARDHEAD

FRY SPAWN

Flow (cfs) 0.6-1 04-0.6 0.2-0.4 0-02 0 0.6-1 04-0.6 0.2-04 0-02 0

10 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
25
50
140
210
525
1103
3000
6921
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